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Heart and arterial disease is a leading cause of death and disability 
in the United States. Studies of arterial mechanics are motivated by 
interest in clarifying the role of wall stress in the genesis of arterial 
disease (Fry 1973) or by the compositional changes of arteries associated 
with the disease. The later have a potential application to the non-invasive 
detection of the disease as reviewed by Fronek (1973). 
It is known that the mechanical properties of arteries are determined 
by the connective tissues collagen and elastin. This paper examines the 
relationship between arterial mechanics and connective tissue composition. 
In this initial study, the variation in response of the canine artery at 
various locations to uniaxial loading and unloading is compared to previously 
reported data on tissue composition for each location. 
Instrumentation  
Microprocessor based instrumentation developed specifically for tissue 
analysis was used for the studies. The system is shown in block form below. 
The system is similar to the described for biaxial measurements (Vito 1979), 
with the exception that displacement is measured by encoder impulses from the 
motor. Data is taken using a programmable interrupt timer and an A/D converter 
interfaced to the computer. The measured dimensions of the specimen, rate 
of deformation, and peak Eulerian stress are input to the microprocessor 
before each experiment. This enables the experimenter to completely define 
each experiment before it begins. After the experiment, data is analyzed 
on the Georgia Tech mainframe. 
Experiment  
Specimens of aorta were taken from five healthy dogs of varying age, 
sex, and weight, sacrificed by overdoses of phenylbarbitol. The aortic 
tree was removed intact and stored in saline at 5 °C. 
Each specimen was prepared by cutting a piece of aorta in a rectangu-
lar strip approximately 3.0cm by 0.7cm wide. The specimen was cataloged 
by the location on the aorta from which it was taken and orientation 
(longitudinal or circumferential). The original dimensions were measured: 
length (1,0 ), width (Wo), and thickness (to ). The specimen was mounted in 
a saline bath maintained at 37 °C. Each specimen was subjected to a uni-
form protocol of constant strain rate load/unload cycles. 
In such tests, the specimen length at zero force changes approaching 
a limit (L 
pc
) after 5/10 load/unload cycles (Fung 1973). This length 
served as the basis for analysis. Since the deformation is large, the 
Eulerian stress T = F/A,where A is the area of the deformed cross section, 
is relevant. Since tissue, being mostly water, is relatively incompressible, 
A°  L° 





. Since the mechanical response of tissue is highly dependent 
on strain history (Fung 1973), the peak value of T and strain rate were 
controlled. By defining the endpoints on the basis of stress, variation 
in results may better reflect the structural variations and differences in 
anotomical orientation among the specimens. 
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Analysis  
Individual load/unload cycles were analyzed using the theory of large 
elastic deformation (Vito 1979). The data was found to fit quite well a 
two parameter model W (1 1 ,1 2 ) = a exp [0 (I 1 -3], where I l and 1 2 are the 
strain invariants while a and $ are the material constants, unique to each 
experiment, determined by a least squared fit of the data. 
Results and Discussion 
A preliminary analysis was performed on data on longitudinal specimens 
for a peak Eulerian stress of 1 x 106 Dynes/cm2 and strain rate of 0.005/sec. 
Table 1 shows the material constants for each location and the strain energy 
density representing the "hysteresis loop" of the load/unload cycle. The 
strain energy density is a measure of the energy absorbed per cycle of the 
tissue. 
Figure 1 shows the plot of a typical data file. Figures 2 to 5 are 
graphical representations of the results showing the mechanical properties 
a and 0 at the different locations. 
Although based on limited data which exhibit the significant deviations 
characteristic of biological tissues, there is a marked drop in the parameter 
(x and a corresponding rise in 0 from the upper section to the lower section 
of the aorta. 
Results of previous experiments on tissue composition(Harkness 1957) 
are shown in Figure 6. There is seen a marked drop in E/(E + C)(where E is 
elastin content and C is collagen content) from the upper section to lower 
section of the aorta. Since our study uses a "fixed effects" model at only 
five different anatomical locations, a direct comparison of the content to 
the mechanical properties at the various locations is speculation. 
Other factors, such as orientation of microstructure are also important. 
3 
It is interesting to note that there is a visual correlation of the 
parameter a and a corresponding inverse correlation of p to the com-
position ratio E/(E + C) at the different locations. 
Conclusion  
Uniaxial tests were conducted at various anatomical locations of 
canine aorta. Preliminary results indicate significant differences in 
material properties at the various locations. A visual comparison made 
between earlier composition studies and the mechanical response shows a 
trend that, if verified by more data and more anatomical locations, could 
provide meaningful understanding of the mechanical properties of the 
arterial connective tissue. 
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TABLE 1. 	THE MATERIAL PROPERTIES OF CANINE AORTA AT DIFFERENT 2 
ANATOMICAL LOCATIONS. 	PEAK EULERIAN STRESS = 1 x 106 DYNES/CM 
LONGITUDINAL SPECIMENS ONLY 
LOCATION 
OF 	NUMBER OF 
AORTA EXPERIMENTS 
"LOOP" 
STRAIN ENERG 	DENSITY 
(DYNES/CM ) 
(pADING) 	2 
(10 	DYNES/CM ) 	[8(LOADING) 
x(UNLOADING) 2 
 (10 	DYNES/CM ) 5(UNLOADING) 
UPPER THORACIC 7 11200 ± 1200 19.9 ± 2.6 0.830 ± 0.116 14.2 ± 2.0 1.033 ± 0.173 
MIDDLE THORACIC 6 12500 ± 2,300 19.4 ± 2.3 1.023 ± 0.133 13.5 ± 1.4 1.253 ± 0.156 
LOWER THORACIC 6 6500 ± 	300 13.6 ± 3.4 1.056 ± 0.168 11.3 ± 3.2 1.124 ± 0.170 
UPPER ABDOMINAC 4 7200 * 1,800 6.2 ± 1.8 1.956 ± 0.520 4.8 ± 1.2 2.131 ± 0.538 
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Figure 1. Stress strain Curve for dog • 
aorta. Lamda is the ratio 
L/LPC where L = Specimen length 
and L
PL
= length at the beginning 
of cycle. 
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INSTRUMENTATION FOR THE MECHANICAL PROPERTIES OF ARTERIES 
h• E. P. Vito, J. D. Harry and R. 0. McCall, 
Georgia Institute of Technology * 
and R. F. Priest 4 
Emory University* 
Introduction  
Studies of the mechanical properties of arter-
ies may be motivated by the as yet undefined role 
of arterial mechanics in the genesis and detection 
of arterial disease (Fry 1973). Non-invasive meas-
ures of mechanical properties may also serve as a 
basis for assessing the state of disease (Fronek 
1973). 
In-vitro experimental studies are complicated 
by the nonlinear viscoelastic nature of the speci-
mens and the variations of structure which occur 
both naturally and as a result of disease. The 
load-history dependent nature of the response re-
quires that loading and unloading be carefully de-
fined and reproducible. Specimens also exhibit 
large deformation under the action of small forces. 
However, most "off-the-shelf" instrumentation is de-
signed for small deformation in response to rela-
tively large forces. Finally, the experimental 
system must facilitate the handling of the large 
volumes of data necessary for statistically valid 
conclusions. 
Instrumentation 
Microprocessor based instrumentation has been 
developed for studies of the uni-axial mechanical 
properties of arteries. the system is shown in 
block form below. 
F ACE 
Position accuracy is +2.54, (theoretical) and 
the maximum rate of loading is 7.5 cm/sec. Step 
response is 4.0 cm in --1.0 sec. 
Experiment  
Experimental data consists of measurements of 
initial specimen length Lo and cross sectional area 
A n , digitized values for the stretching force Fend 
a count of encoder pulses. The latter serve as a 
measure of length change GL. 
becausethe device is programmmble a wide va-
riety of mechanical tests can be run. As an exam-
ple, consider the constant strain rate test. In 
such teats, the specimen length at zero force 
changes approaching a limit (Lp c ) after 5/10 load/ 
unload cycles (Innv. 1571). This length may serve 
as the basis for an analysis. Since the deforma-
tion is large, the Eulerian stress T F/A, where A  
is the area of the deformed cross section, is rele-
vant. The tissue is approximately incompressible, 
hence 
A L = A L 
0 0 
where L is the deformed length. The Eulerian 
stress is then T.FL/A 0 Lo . In our experiments the 
peak value of T was controlled. By thus "fixing 
the end points", results may better reflect the 
structural variations and differences in anatomical 
orientation among the specimens. Control was based 
on -1000 samples/second. 
Analysis and Results  
Individual load/unload cycles may be analyzed 
using the theory of large elastic deformation (Vito 
1979). The curves below show the differences in 
the pre-conditioned response (load) of two segments 
of upper thoracic aorta of dog; one circumferential 
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